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INTRODUCTION 
Kentucky has outdoor recreational development 
rivaling that of any state. The highway travel generated 
continues to mount. Favorable access routes, together 
with the major highway network, and attributes of the 
recreational area mutually invite visitation and travel. 
The purpose of this study was to develop methods for 
predicting traffic volumes on routes leading to outdoor 
recreational areas and also the traffic burden induced 
on the major highway network by existing and future 
recreational facilities. 
A previous study dealt with the development of 
travel demand models for rural recreational routes (1 ). 
Then, a single-equation regression model and a 
cross-classification model were calibrated and tested to 
verify their applicability as predictors. Data were 
obtained by means of license-plate origin-destination 
surveys at 42 major recreational areas (160 sites) and 
by continuous counting of vehicles at eight of the sites. 
Results from the first phase indicated that the 
cross-classification model was acceptable for simulating 
and predicting purposes and was decidedly superior to 
other single-equation models evaluated. From another 
phase of this same study, Kaltenbach (2) found that 
neither the gravity model nor the intervening 
opportunities model was as effective as the 
cross-classification model. 
The objective of most previous studies of outdoor 
recreational travel has been to forecast annual visitation 
to existing or proposed recreational areas for the 
purpose of evaluating the economic consequences of 
existing or proposed investments. Techniques which 
have been used effectively to predict this travel demand 
include multiple regression models (3, 4, 5), gravity 
models (6, 7), opportunity models (8), and systems 
theory models (9, 10). There appears to be no definitive 
preference for any model type, and each will yield 
satisfactory results if applied correctly. 
There has been little research on the subject of 
predicting seasonal travel patterns and time variations 
of traffic flow to outdoor recreational areas. On the 
other hand, considerable work has been done on the 
problem of estimating annual average daily traffic from 
short-term traffic counts (11, 12, 13). Probably all 
highway planning agencies have procedures for 
estimating average daily traffic flow, but it appears that 
none has specifically isolated recreation-oriented traffic. 
Statewide and zonal traffic-forecasting modeling 
depends in a large degree on the synthesis of travel 
desires and composing traffic volumes from the several 
constitutive parts. Inversely, existing traffic may be 
decomposed constitutively, but only in terms of vehicle 
da:stdfication unless interviews are conducted. From a 
1970 survey of auto-utility tmiler combinations (house 
trailers boat trailers, camper trailers, rental trailers, etc.) 
on various Kentucky routes, Siria (15) isolated 
appendant recreational vehicles. He reported an overall 
average of 3.48 percent. The percentage on four-lane, 
'limited-access roads was 4.11. The percentage on I 75 
was 5.53; but the percentage on I 64 was only 1.75. 
Historically, an improvement in transportation has 
led to an increase in recreational activity,_ while an 
increase in recreational demand has often put a major 
strain on the transportation system. Clawson and 
Knetsch ( 14) have recognized the dilemna which 
transportation engineers are likely to fact by pointing 
out that a projected increase of 80 percent in the 
number of registered vehicles from 1959 to 1976 will 
bring about a proportional increase in outdoor 
recreational travel. Clawson and Knetsch discuss three 
general situations in which the effect of outdoor 
recreational demand upon highway facilities is felt. First, 
the existence of an attractive outdoor recreational area 
requires local access roads. The number and nature of 
such roads vary greatly from one recreational area to 
another and depends upon such factors as availability 
of construction funds, estimates of potential travel 
demand, and environmental aspects. Certainly, the 
structural and geometric designs should include 
considerations of the nature of types of vehicles peculiar 
to recreational travel and the preservation of natural 
scenic sites which constitute, in part, the attraction of 
the area. 
Second, recreational travel of all types constitutes 
an important part of the total traffic volumes on major 
highways. In many instances, the volume of recreational 
traffic may be so large as to require highways of 
improved design and capacity. Peak volumes for most 
fural routes now occur on the weekends; a large 
percentage of this travel is for recreational purposes. 
Often a traveler's impression of an area or state, and 
his desire to return, is greatly affected by the types and 
conditions of the route to and from the recreational 
area. Recreation is a demand factor and is definitely 
a consideration in the planning of a highway system. 
Third, recreational travel has a great effect on 
traffic flow on arterials leading out of and into back 
major urban centers. In many urban areas, the desire 
of the city dweller to seek weekend outdoor recreational 
experience brings about a Friday •fternoon, Saturday, 
and Sunday rush to leave the city and late Sunday and 
early Monday rush to return to the city. 
According to Matson, Smith, and Hurd ( 16), the 
30th highest hourly volume may vary from as low as 
8 .percent of the ADT on some urban routes to 40 
percent of the ADT on highly recreational routes. The 
design of a roadway must be based to some extent on 
peak-hour traffic; but on the other hand, it is usually 
uneconomical to design for the highest volume hours 
since they occur only a small percentage of the time. 
While highways should be designed and located 
primarily for the efficient and safe transportation of 
people, other secondary purposes should also be 
considered. The desire to isolate and designate 
recreational routes apparently originates from the park 
and recreation profession and preservationists. Indeed, 
idealists may envision secondary routes through scenic, 
historic, and cultural areas where the recreationists may 
drive more slowly and stop at points of interest. 
Likewise, some routes may be compatible with outdoor 
recreational activities such as hiking, bicycling, and 
picnicking. One cannot help but wish that outdoor 
recreation-oriented routes could be designed to be 
interesting and enjoyable for travel and also satisfy the 
constraints of economics. 
DATA ACQUISITION 
To analyze seasonal patterns and time variations 
of traffic flow, it was felt a comprehensive data base 
representing traffic flows throughout the year would be 
necessary. The method chosen was continuous 
automatic traffic recorders located at ten representative 
sites. Punched-tape, automatic traffic recorders, 
employing a wire loop embedded in the pavement, were 
installed in July 1970, and data were recorded through 
July 1971. In the analyses, the one-year traffic counts 
were combined with origin-destination data collected 
during the summer of 1970 (1). 
The principal criteria used in the selection of sites 
were: type of recreational area, geographical location~ 
accessibility of recreational area, and facilities available. 
Type of recreational area, being the most stratifying, 
ranked as the criterion of greatest importance. Four 
types of recreational areas were represented; they were: 
I) water-oriented resort park, 2) outdoor multiple-use 
resort park, 3) scenic attraction park, and 4) small 
fishing lake. Geographical settings and area types were 
selected so that similar recreational areas would be 
geographically dispersed. Ideally, only those areas having 
one access road should have been considered; but with 
the importance placed on area type, it was necessary 
to locate recorders at two sites where there were two 
access roads. At both of these sites, approximately 90 
percent of the total traffic occurred on the road where 
the recorders were stationed. Facilities available were 
also inherently related to area type. It was felt that a 
wide range of types and sizes of area would be 
represented in the selections. The recreational areas 
chosen are identified by name, number, and area type 
in Table 1. Figure I shows the geographic location of 
each site. 
Some problems were encountered in accumulating 
data. Due to the wide geographical distribution of the 
sites, it was impractical to check the recorders more 
often than once each month. Therefore, when recorder 
breakdowns did occur, it was sometimes several weeks 
before the problems were detected and corrected. 
Another problem resulted when one of the selected 
parks was closed for a significant period during the 
winter. For these reasons, data from two sites were 
discarded. 
TABLE 1 
2 
SITE 
NUMBER 
1 
2 
3 
4 
5 
6 
7 
8 
RECREATIONAL AREA NAME, NUMBER AND TYPE 
SITE 
NAME 
Rough River State Park 
Beaver Lake 
Levi Jackson State Park 
Lake Barkley State Park 
Mammoth Cave National Park 
Boonesborough State Park 
Carter Caves State Park 
Jenny Wiley State Park 
TYPE OF 
RECREATIONAL AREA 
Water-Oriented Resort 
Small Fishing Lake 
Outdoor Multiple-Use 
Water-Oriented Resort 
Scenic Attraction 
Outdoor Multiple-Use 
Outdoor Multiple-Use Resort 
Water-Oriented Resort 
. ..; 
3 
ANALYSES 
The data, originally on punched paper tape, were 
interpreted and presented on an easy-to-read printout. 
Shown on the printouts were hourly volumes for each 
day of the week and several peak, total, and average 
volumes. Computer cards with hourly volumes were also 
available. 
Because of the various problems associated with the 
recorder and detector units, several periods were found 
to have traffic volumes which were unreasonably high 
or low, or completely missing. To identify and replace 
inaccurate or missing data, a series of computer 
programs were written to read the data, extract data 
exceeding specified limits and to synthesize those data 
by fitting a third degree polynomial to known points. 
The methodology and the computer programs for the 
adjustments are presented in the APPENDIX. 
Time Distribution of Flow 
After adjustments were made, eight sets of data 
were produced which contained a complete year of 
hourly volumes. Summarized data for each site included 
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highest-to-lowest volume rankings and percentages of 
average daily traffic volumes (ADT) for the 300 highest 
hours, 364 days, and 52 weeks. Also included in the 
summaries were the highest-to-lowest volume rankings 
and percentages of total yearly traffic volumes for the 
12 months and the four seasons. 
A weekend was defined as the 48-hour period 
between 6 p.m. on Friday and 6 p.m. on Sunday. 
Seasonal periods were as follows: June 20 through 
September 19 -- summer, September 20 through 
December 19 -- fall, December 20 through March 19 
- winter, and March 20 through June 19 -- spring. 
Figure 2 is a graph of the highest hourly volume 
versus hourly volume as a percentage of average daily 
traffic. Three curves are shown. The upper curve 
represents the maximum volumes amongst the eight 
sites, the middle curve represents the eight-site average 
volumes, and the lower curve represents the minimum 
volumes amongst the sites. For the maximum, average, 
and minimum curves, the highest hourly volumes as 
percentages of ADT are respectively: 121, 63, and 37. 
Correspondingly, the 30th highest hourly volumes as 
percentages of ADT are respectively: 83, 40, and 25. 
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Figure 2. Highest Hourly Volumes 
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Daily volumes, expressed as a multiple of ADT, for 
the I 00 highest volume days, are shown in Figure 3. 
The maximum daily volumes ranged from a high of 889 
percent of the ADT at Boonesborough to a low of 332 
percent at Beaver Lake. The high-volume days in Figure 
3 were typically associated with summer Sundays, and 
the average summer Sunday volumes ranged from a high 
of 412 percent of the ADT at Boonesborough to a low 
of !56 percent of the ADT at Beaver Lake. 
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Figure 3. Highest Daily Volumes 
Finally, Figure 4 shows the weekly volumes 
arranged in order of magnitude for the 52 weeks. A 
very wide range in weekly volumes was observed for 
the average summer weekly volumes -- from a high of 
1300 percent of the ADT at Marmnoth Cave to a low 
of 800 percent of the ADT at Beaver Lake. 
Figure 2 is a typical curve relating peak traffic 
volumes to frequency. This type of graph is often used 
to determine the most equitable ratio between cost and 
service provided. The design volume is usually selected 
near the "knee of the curve", which, for most rural 
roads, is about the 30th highest hour ( 16 ). 
Hourly, Daily, Monthly, and Seasonal Variations of 
Flow 
Cyclical variations in the time distributions were 
also investigated. The time periods chosen were: hours, 
days, months, and seasons. To define hourly cyclical 
variations, only summer Fridays, Saturdays, and 
Sundays were analyzed. Peaking within these summer 
days is demonstrated by Figure 5 and Table 2. As was 
expected, a rightward skew, identifying heavy evening 
traffic, occurred on Fridays. This was attributable to 
the fact that a significant portion of weekend visitors 
arrive on Friday evenings. Saturday traffic was generally 
spread evenly throughout the day with some peaking 
at midafternoon. Peaking was most prominent on 
Sunday afternoons from approximately I :00 to 6:00 
p.m. From Table 2, it appears a majority of individual 
peak summer hours were between 4:00 and 7:00p.m. 
on Fridays, between 3:00 and 5:00 p.m. on Saturdays, 
and between 2:00 and 4:00 p.m. on Sundays. 
A graph of day of week versus average daily volume 
as a percentage of average weekly volume is shown in 
Figure 6. Sunday is shown to be the peak day of the 
week. The next highest volume day is Saturday, and 
there is very little difference between other days of the 
week. Table 3 includes a summary of days on which 
the peak average volume occurs and corresponding 
percentages of the average weekly volume. 
Seasonal and monthly cyclic variations are 
presented in Figures 7 and 8, respectively. In addition, 
the peak monthly volumes and peak seasonal volumes 
for each site are also given in Table 3. Monthly peaks 
occurred in May, June, and August, and peak monthly 
volume expressed as a percentage of total annual volume 
varied from 15 percent at Beaver Lake to 24 percent 
at I'loonesborough State Park. Seasonal peaks occurred 
in spring and summer and peak seasonal volume 
expressed as a percentage of total annual volume varied 
from 36 percent at Beaver Lake to 47 percent at 
Marmnoth Cave National Park. 
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Figure 5. Volume Variations throughont Average 
Summer Weekend Days 
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SITE 
NUMBER 
5 
3 
1 
6 
4 
2 
8 
7 
Average 
TABLE 2 
PEAK-HOUR VOLUMES FOR AVERAGE 
SUMMER FRIDAYS, SATURDAYS, AND SUNDAYS 
HOUR OF PEAK VOLUME PEAK HOURLY VOLUME 
(PERCENT OF DAILY VOLUME} 
FRIDAY SATURDAY SUNDAY FRIDAY SATURDAY SUNDAY 
3·4 p.m. 3·4 p.m. 3·4 p.m. 11.41 12.17 12.68 
8·9 p.m. 2·3 p.m. 3·4 p.m. 7.75 8.85 11.14 
4-5 p.m. 4·5 p.m. 3·4 p.m. 8.44 8.94 9.83 
7·8 p.m. 3·4 p.m. 2·3 p.m. 6.44 7.06 8.59 
2·3 p.m. 3·4 p.m. 4-5 p.m. 8.37 10.05 12.39 
8·9 p.m. 7·8 p.m. 2·3 p.m. 9.90 9.11 11.31 
4-5 p.m. 2·3 p.m. 1·2 p.m. 7.53 9.20 12.11 
4-5 p.m. 3·4 p.m. 1·2 p.m. 8.28 7.88 9.72 
8.52 9.16 10.97 
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throughout Average Summer Week 
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NUMBER 
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TAIILE 3 
PEAK VOLUMES FOR SEASON OF YEAR, 
MONTH OF YEAR, AND DAY OF AVERAGE 
SUMMER WEEK 
PERIOD OF PEAK VOLUME PEAK VOLUME 
DAY OF 
SUMMER MONTH OF SEASON OF 
WEEK YEAR YEAR 
Sunday May Spring 
Sunday June Summer 
Sunday August summer 
Sunday May Spring 
sunday June Spring 
Sunday August Summer 
Sunday August Summer 
Sunday August summer 
WINTER SPRING SUMMER FALL 
Volume Variations among Months 
DAY MONTH SEASON 
{PERCENT OF (PERCENT OF (PERCENT OF 
AVERAGE ANNUAL ANNUAL 
SUMMER WEEK) VOLUME) VOLUME) 
26.46 16.92 38.55 
29.83 19.44 43.84 
16.82 18.51 46,41 
19,41 14.67 36.00 
35.26 23.66 42.16 
23.19 15.64 39.06 
26.30 15.39 40.54 
23.50 16.50 38.52 
25.09 17.59 40.64 
Figure 7. Volume Variations among Seasons 
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Table 4 summarizes all volume characteristics for 
each of the eight sites. Included are I) all time periods 
which were considered significant, 2) volumes for each 
time period expressed as the number of vehicles 
counted, and 3) volumes as a multiple of ADT. Table 
4 revealed that total armual volumes and average annual 
daily traffic flows ranged from 668,312 and 1836 at 
Levi Jackson State Park to 109,319 and 300 at Beaver 
Lake. Other information of interest to the highway 
designer is the 30th highest hourly volume. Expressed 
as a percentage of the ADT, this factor varied from 24 
percent at Beaver Lake to 83 percent at Rough River 
State Park. 
Coversion Factors 
The next phase of analysis involved calculating 
factors to convert from measured volumes to average 
daily traffic (ADT) and summer Sunday traffic (SST). 
Conversion factors, presented in Table 5, were calculated 
for each day of the week during each season of the 
year, for each month of the year, for the average week, 
the average weekend, and the average ten-hour (10 a.m. 
- 8 p.m.) summer Sunday. 
The conversion factors constitute a significant 
development for anyone desiring to convert short 
duration counts from recreational routes to average daily 
traffic flows. Certainly one of the most beneficial 
applications of these factors would be in the design of 
a highway leading to an existing or proposed outdoor 
recreational area. Trends in the conversion factors 
indicate that considerable variation occurs from one site 
to another, and careful study will be required before 
selecting the appropriate factor. 
For very short duration counts, the 10 a.m. - 8 
p.m. summer Sunday period appeared to be a very 
reliable unit of time from which to project traffic flows. 
The most apparent advantage of using this time period 
is that it is usually the highest volume 10-hour period 
of the week. Forty-eight hour counts are frequently used 
to obtain data from which to prepare traffic flow maps. 
It appears that the period from 6 p.m. Friday till 6 
p.m. Sunday would be the most appropriate time to 
obtain peak flows. For a sample of an off-peak day, 
any of the other days of the week would suffice. 
Greatest emphasis was placed on summer 
recreational travel, but Table 5 also includes factors for 
the other seasons of the year. At some recreational 
developments, spring and fall visitation exceeds summer 
visitation; therefore, appropriate analysis should be 
made to de~ermine if peaks occur at sometime other 
than summer. Winter recreational travel has increased 
in recent years; and, in those areas where it is necessary, 
projections should be based on peak winter volumes. 
Vehicle Occupancy 
The average occupancy rate, based on 1970 
surveys, was found to be 3.06 persons per vehicle. 
However, occupancy rate was found to be a function 
of type of recreational area, distance traveled, and 
vehicle type. 
Table 6 demonstrates the effect of recreational area 
type and distance traveled as related to vehicle 
occupancy. A general trend of increasing vehicle 
occupancy with increasing distance traveled was 
established. It was also apparent that vehicle occupancy 
rates varied among the distinctively different 
recreational area types. 
Table 7 summarizes data indicating the effects of 
both distance and vehicle type on occupancy rate. 
Sensitivity of occupancy rate to distance is greatest for 
camping vehicles and least for vehicles with boats. 
Despite large variability in the data, occupancy rates 
generally increased with increasing distance of travel. 
The effects were most pronounced for vehicles traveling 
rather short distances. 
Highest occupancy rates were observed for cars 
pulling camper trailers, and lowest rates were for the 
other" vehicle category -- including primarily service 
trucks and motorcycles. The fact that single-unit 
campers had much lower occupancy rates than cars 
pulling camper trailers is probably due to a combination 
of I) failure to detect some persons riding in the 
single-unit campers and 2) bias caused by extensive use 
of pickup campers by fishermen who usually travel in 
rather small groups. 
Vehicle Classification 
As anticipated, a large proportion of the vehicles 
were cars (pickups included) or cars pulling trailers (a 
total of 96.7 percent). The remainder were single-unit 
campers {2.1 percent) and motorcycles, trucks, and 
buses {1.2 percent). Altogether, 3.4 percent of the 
vehicles had camping units appended and 5.8 percent 
had boats. Vehicle classification was found to depend 
on the origin of the vehicle, or the distance traveled, 
as well as on the type of recreational area. 
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TIME 
PERIOD 
Year 
Weekend 
Weekend 
Weekend 
Weekend 
Weekend 
Hour 
Hour 
Hour 
Hour 
Hour 
Year 
Week 
Week 
Week 
Week 
w"' 
Weekend 
weekend 
Weekend 
Weekend 
Weekend 
Hour 
Hour 
Hour 
Hour 
Hour 
TYPE OF VOLUME 
Total 
Maximum 
4th highest 
8th highest 
Summer Average 
AnnUal Average 
Maximum 
4th htghast 
8th highest 
Summer Average 
Annual Average 
Maximum 
5th highest 
lOth highest 
Summer Sunday Average 
Annual Average 
Maximum 
15th highest 
30th highest 
soth highest 
1001h highest 
Total 
Maximum 
4th highest 
6th highest 
summer Average 
ARnual Average 
Maximum 
4th highest 
8th highest 
Summer Average 
Annual Average 
Maximum 
5th highest 
lOth highest 
Summer Sunday Avsrage 
Annual Average 
Maximum 
15th highest 
30th hlghe•t 
soth highest 
lOOth highest 
SITE 1 
:!.68,976 
14,117 
12,664 
10,322 
9,071 
5,173 
8,655 
7,307 
5,645 
4,645 
2,580 
4,687 
4,068 
3,015 
2,706 
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364.0 
19.1 
17.1 
14.0 
12.3 
'"' 
11.7 
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TABLE 4 
TRAFFIC VOLUME CHARACfERISTICS 
SITE 2 
109,319 
4,031 
3,287 
3,146 
2,414 
.2,102 
1,848 
1,594 
1,354 
"' '" 
"' "' "' 
"' '" 
"' " " " " 
SITE 3 
668,3!2 
28,701 
22,321 
20,334 
20.081 
12,852 
13,036 
10,130 
9,304 
9,072 
5,975 
6,377 
5,374 
4,746 
4,657 
1,836 
1,124 
"' "' '" "' 
COUNTED VOLUMES (VEHICLES) 
SITE 4 
324,781 
12,774 
11,650 
10,116 
7,369 
6,246 
5,903 
4,940 
4,161 
3,151 
2,664 
3,321 
2,600 
2,134 
1,950 
'" 
"' "' "' 
"' "' 
SITE 5 
617,044 
29,751 
24,648 
22,255 
22,030 
11,866 
10,617 
9,557 
7,384 
7,514 
4,473 
5,930 
4,620 
4,378 
3,704 
1,695 
'" '" "' '" "' 
SITE 6 
387,337 
23,678 
20,221 
16,187 
12,429 
7,449 
15,715 
12,005 
8,557 
6,540 
4,184 
9,464 
7,518 
5,354 
4,382 
4,064 
1,290 
'" '" '" '" 
SITE 7 
234,786 
9,483 
8,615 
7,831 
7,322 
4,515 
7,418 
4,149 
3,678 
3,379 
2,157 
3,227 
2,381 
1,951 
1,925 
'" 
"' "' "' "' 
"' 
SITE 8 
395,602 
16,910 
13,936 
10,631 
11,721 
7,608 
6,168 
6,252 
5,012 
5,223 
3,323 
3,997 
3,093 
2,684 
2,755 
1,087 
"' "' "' 
"' "' 
VOLUME EXPRESSED AS A MULTIPLE OF AVERAGE DAILY TRAFFIC 
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To illustrate the effect of origin, 2.1 ·percent of 
the Kentucky vehicles had camping units and 6.0 
percent had boats; respective percentages for Michigan 
vehicles were 10.4 percent and 3.9 percent. These and 
similar data are sunuuarized in Table 8 for the eight 
primary states contributing to Kentucky recreational 
travel. Origin effects are most probably due in large part 
to the intervening distances (Figure 9). Decreasing 
percentage of cars with increasing distance reflects the 
increasingly greater use of single-unit campers over the 
longer distances. As distance "increases, a greater 
percentage of recreationists use camping vehicles. Boat 
usage peaks in the distance range of 60 to 90 miles. 
The effects of recreation-facility type on vehicle 
usage are quite clear. A high percentage of vehicles with 
boats were observed at water-based facilities (a high of 
12.3 percent at Corps of Engineers' facilities compared 
to a low of 0.6 percent at the national parks). The 
percentage of vehicles with camping units depended in 
large part on the nature of available camping facilities 
(a high of 11.2 at the Land-Between-the-Lakes compared 
to a low of 3.0 percent at state parks). Table 9 
sunuuarizes these data. 
Trip-Length Distribution 
Examination of trip origins revealed that most of 
the recreationists carne from Kentucky. This suggested 
that travel to Kentucky outdoor recreational facilities 
is predominantly of the short-distance type. The average 
trip length for all vehicles was found to be 109 miles. 
However, 60 percent of all vehicles traveled distances 
less than 50 miles, and 72 percent traveled less than 
100 miles. 
Trip lengths were found to be a function of the 
type and location of the recreational area. Figure 10 
shows trip-length distributions for the following three 
state parks: Cumberland Falls, My Old Kentucky Home, 
and Jenny Wiley. Mean trip lengths for Cumberland 
Falls, My Old Kentucky Home, and Jenny Wiley were 
182, 140 and 57 miles, respectively. Corresponding 
percentages of trips having lengths less than 50 miles 
were 28.2, 39.5, and 79.5 percent, respectively. 
Also of considerable interest was the influence of 
vehicle type on the distribution of trip lengths. Figure 
11 demonstrates this effect. Cars pulling camper trailers 
generally traveled the greatest distances. Single-unit 
campers traveled somewhat shorter distances due, in 
part, to the considerable use of single-unit campers by 
fishermen. Cars without either boats or trailers generally 
traveled the shortest distances. 
TABLE 6 
EFFECT OF RECREATIONAL AREA TYPE AND DISTANCE TRAVELED 
ON VEIIICLE OCCUPANCY RATES 
DISTANCE INTERVAL (MILES) 
SITE 1· 21· 41· 61· 81- 101· 151- 251- 401· 701- 1301- AVERAGE 
NUMBER 20 40 60 80 100 150 250 400 700 1300 3000 (ALL DISTANCES) 
1 2.68 3.30 3.02 3.10 3.02 2.86 2.80 2.93 2.74 2.96 3.00 2.70 
2 2.23 2.98 3.56 2.00 2.00 3,00 2,67 0,0* 3.00 2.50 0.0" 2.00 
3 2.49 2.91 3,00 2.44 2,85 2.87 3.14 2.87 3.27 3.52 3.75 2.76 
4 2.46 2.91 2.99 3.34 3.16 3.16 3.05 3.48 3.34 3,21 3.74 2.90 
5 2.73 3.57 3.27 3.85 3,76 3,71 3.54 3,55 3.67 3.26 2.70 3.13 
6 3.12 3.29 3.43 3.32 3.78 3.25 3.34 3.69 3.42 3.17 4.30 3.18 
7 2.92 3.69 3.82 3.41 3.76 3.81 4,04 3.80 3.52 3.42 2.67 3.24 
8 2,95 3.22 3,08 3.09 3.03 3.35 3.32 3.11 3.45 3.25 4.22 3.01 
AVERAGE 
{ALL SITES) 2.70 3.23 3.27 3.07 3.17 3.25 3,24 2.93 3.30 3.16 3,05 2.87 
*No observations within this distance Interval 
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VEHICLE TYPE 
Cor 
Car with Boot oml Troller 
Cor with Bott on Top 
Cor with ComPor T<OIIor 
Slngi•Unlt compor 
Slnglo-Unlt Campor with Boot 
Othor 
Avorooo (All Vohlolos) 
ORIGIN CAR 
Kentu~;ky 90.89 
Ohio 86.46 
Indiana 87.57 
Illinois 88.11 
TenneHee 90.99 
Michigan 85.74 
Missouri 88.67 
w. VIrginia 88.51 
A" Origins 89.95 
,. 
'" 
2.7a 
3.02 
2,72 
3.06 
2.70 
2.75 
2.16 
2.78 
CAR 
TABLE 7 
EFFECTS OF DISTANCE AND VEHICLE TYPE ON 
AVERAGE VEHICLE OCCUPANCY 
,_ 
'" 
3,02 
3,)4 
3.14 
3.20 
2.55 
2.79 
1.61 
3,02 
WITH 
DISTANCE INTERVAL {MILES) ,_ .,_ 
"'" 101- 151-" .. '"" , .. ... 
3,28 3,27 3.31 3.29 3.20 
3,12 3.25 3.13 3.15 3.45 
3.05 2.79 3.00 3.09 3.92 
3.28 3.45 3.44 3.61 3.63 
2.83 3.11 3,06 3,00 2.92 
2.71 2.71 3.27 2.65 
1,92 2.19 5.30 1.63 1.69 
3.26 3.25 3.30 3.28 3.21 
TABLE 8 
EFFECT OF LOCATION OF ORIGIN ON 
PERCENTAGES OF VARIOUS VEHICLE TYPES 
251· 
'"" 
3.45 
3.19 
3.31 
3.66 
2.99 
3,38 
4.78 
3.45 
CAR WITH CAR WITH SINGLE 
401-
'"" 
3.39 
3.16 
3.00 
4.06 
3,39 
2.94 
1.57 
3.41 
701-
HOO 
3.25 
3.18 
2.50 
3.60 
3.48 
3.30 
1.75 
3.26 
SINGLE 
BOAT AND BOAT ON CAMPER UNIT UNIT CAMPER 
TRAILER TOe TRAILER CAMPER 
5.27 .40 ·" 1.08 5.34 .63 3.35 2.62 
4.51 .62 2.38 3.15 
3.36 .BS 3.20 2. 72 
3.44 -" 1.59 1.62 
2.28 .70 6.08 3.33 
4.03 .77 2,82 2.63 
2.31 .79 5.61 1.45 
4.91 ·" 1.36 1.58 
TABLE 9 
EFFECT OF TYPE OF RECREATIONAL AREA ON 
PERCENTAGES OF VARIOUS VEHICLE TYPES 
WITH BOAT 
·" .62 
.87 
·" 1.05 
.94 
·" .40 
.48 
3.11 
3.60 
3,82 
3.36 
4.25 
20.50 
3.28 
AVERAGE 
(ALL 
DISTANCES) 
3.07 
3,16 
3,04 
3.63 
2.97 
2.96 
2.67 
3.06 
OTHER 
1.38 
.97 
.90 
.BS 
.99 
.94 
.58 
·" 1.26 
TYPE OF 
FACILITY 
PERCENTAGE OF PERCENTAGE OF 
CARSa CAMPING VEHICLESb 
PERCENTAGE OF 
VEHICLES WITH BOATS 
State Parks 
National Parks 
Corps of Engineers 
Facilities 
Kentucky Lake (TVA) 
Land-Between-The-
Lakes (TVA) 
Daniel Boone National 
Forest 
97.36 
95.56 
95.71 
96.31 
90.84 
96.22 
2,95 
6.51 
3.29 
3.81 
11.24 
2.99 
3.22 
0.58 
12.31 
6.14 
12.02 
3.25 
97.84 2.59 Other Areas 7.15 
All Areas 5.84 96.67 3.42 
aincludes cars with boat and camper trailers. 
blncludes cars with camper trailers and single-unit campers. 
13 
100 r CARS (INCLUDING THOSE PULLING TRAILERS) 
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Figure 9. 
DISTANCE , MILES (LOG SCALE) 
Effect of Distance on Percentage of 
Various Vehicle Types 
TABLE 10 
RECREATIONAL CLASSIFICATION OF RECORDER SITES 
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PREDICTING RECREATIONAL TRAFFIC VOLUMES 
The foregoing results may be used as a basis for 
a predictive criterion. This may be done most simply 
by association. Certainly, limitations and constraints 
must be respected inasmuch as only eight facilities were 
studied. However, the time period covered by data 
collection was rather extensive; indeed, few traffic 
surveys cover a full year. 
Assume that traffic volumes or travel patterns are 
needed for a proposed, new, or existing recreational 
area. Regardless of the kind of information desired, the 
initial step should be to select a similar facility from 
the facility classification scheme shown in Table 10. To 
utilize Table 10, the following attributes of the 
recreational area must be known or assumed water 
acreage, number of picnic tables, number of overnight 
facilities (lodge rooms, cottages, camp sites), number of 
golf holes, number of outdoor drama seats, and 
a~ability of a swimming pool or beach. These 
attributes, plus two additional ones (miles of horseback 
and hiking trails), were used in the first phase of this 
study (1) to estimate attraction factors with 
considerable accuracy (squared correlation coefficient 
R2 = 0.93). Traffic volumes may be estimated from 
Table 4 by choosing a comparable recreational site. 
Other traffic characteristics in Table 4 are directly 
applicable to highway planning and design processes. 
Table II summarizes the available information and lists 
the figure or table from which a specific statistic can 
be read. Traffic flows may be estimated for any 
recreational route in the Kentucky area. 
SUMMARY AND CONCLUSIONS 
Significant findings and results were: 
I. A simplified method of predicting travel 
patterns to outdoor recreational areas has been defined. 
Most of the data base is valid only for recreational travel 
in Kentucky or in areas similar thereto. 
2. To investigate time variations in 
recreational traffic flow, it is desirable to conduct 
long~term, continuous volume surveys. A method w3."s 
developed and applied herein to detect and correct 
erroneous data from the long·term, continuous, traffic 
recorders. With minor modifications, this method should 
prove useful in all long-term, continuous, vehicle 
counting programs. 
3. Time variations of flow for recreational 
traffic depends on the type of recreational area and the 
location of the area in relation to population centers. 
Recreational travel seems much more variable timewise 
than other forms of highway travel. Evidence of this 
peaking is presented in terms of highest hourly volumes, 
highest daily volumes, and highest weekly volumes. 
4. The maximum hourly volumes averaged 
63.2 percent of the average daily traffic (ADT) while 
the 30th highest hourly volumes averaged 38.8 percent 
of the ADT. The 30th highest hourly volume criterion 
appears in many cases to be inadequate for the design 
of recreational access roads. A more practical basis for 
design would be the peak·hour volume on the average 
summer Sunday. This volume on the average 
corresponds with the 70th to 75th highest hourly 
volume. It should be emphasized, however, that proper 
selection of a design hour volume is complicated by 
desire and economic analyses and may vary from 
situaion to situation. During the summer weeks, hourly 
volumes averaged 1080 percent of the ADT; during the 
summer weekends, they averaged 480 percent; on 
summer Sundays, they averaged 270 percent. 
5. The peak seasonal volume averaged 40.6 
percent of the total annual volume and occurred in 
either May, June, or August. Sunday was always the 
peak day of the summer week, except for holidays; and, 
on the average, 25.1 percent of the weekly volume was 
observed on Sunday. The peak hourly volume on 
summer Sundays occurred within the interval of I to 
5 p.m. and averaged II percent of the 24-hour Sunday 
flows. 
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6. Short-duration counts used to project 
traffic volumes on recreational routes should include 
IO·hour summer Sunday volumes (10 a.m.- 8 p.m.) and 
48-hour summer weekend volumes ( 6 p.m. Friday . 6 
p.m. Sunday). These two time periods were 
representative of high-volume, short-period counts; and 
they appear to be reliable for long-term projections. 
7. Vehicle occupancy averaged 3.06 persons 
per vehicle and was a function of type of recreational 
area, vehicle type, and distance traveled. Low occupancy 
rates were generally associated with day·use areas. 
Highest occupancy rates were observed in cars pulling 
camper trailers. Sensitivity of occupancy rate to distance 
was greatest for camping vehicles and least for vehicles 
with boats. 
8. Vehiale classification was dependent upon 
type of recreational area and distance traveled. A 
decreasing percentage of cars witb increasing distance 
suggested a greater use of single·unit campers over longer 
distances. Boat usage was associated with day-use 
activity in Kentucky and peaked in tbe range of 60 to 
90 miles. In many cases, type of recreational area and 
available facilities determined vehicle classification. 
9. With the exception of a few major 
attractors having large regional impact, most outdoor 
recreational areas in Kentucky attract visitors from 
relatively short distances. The average trip length for all 
vehicles was found to be 109 miles. Moreover, 60 
percent of all vehicles traveled less than 50 miles and 
72 percent traveled less than 100 miles. 
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SUMMARY OF AVAILABLE OUTPUT 
DES I REO OUTPUT 
I. Volume for any time period (number of vehicles 
counted) 
2. Volume for any time period (multiple of ADT) 
3. summer, hourly cyclical variations of flow for 
Fridays 
4. Summer, hourly cyclical variations of flow for 
Saturdays 
s. summer, hourly cyclical variations of flow for 
Sundays 
6. Summer, peak-hour occurrences on Friday, 
Saturday, and Sunday 
7. Peak average hourly volume (percentage of the 
average Friday, Saturday, or Sunday volume} 
8. Summer, daily cyclical variations of flow 
9. summer day in which peak average volume occurs 
10. Monthly cyclical variations of flow 
11. Month In which peak volume occurs 
12. Seasonal cyclical variations of flow 
13. Season in which peak volume occurs 
14. Factors to convert from measured 1Q-hour Sunday, 
dally, weekend, weekly, and monthly volumes to 
average dally traffic and summer sunday traffic 
flows 
15. 30th highest hourly (or any other hour) volume 
(percentage of ADT} 
16. Highest dally volume (multiple of ADT} 
17. Highest weekly volume (multiple of ADT) 
18. Average trip lengths for various vehicle types 
19, Vehicle occupancy rates as a function of 
recreational area type and distance traveled 
20. Relationship between vehicle type and location of 
origin 
21. Relationship between vehicle type and recreational 
area type 
22, Vehicle occupancy rate as a function of vehicle 
type and distance traveled 
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DATA ADJUSTMENT PROCEDURE 
Step 1 
Interpretations and sunnnaries performed in Step 
I are part of he standard procedures used by the 
Division of Planning to process data from permanent 
traffic counters. Data were retrieved il\ the form of 
hourly volumes recorded 0n punched paper tape. Paper 
tape data were mechanically interpreted and transferred 
to punch cards; the card format is shown in Figure A-I. 
A computer program, available from the Division of 
Planning, was used to sunnnarize and tabulate the data 
in a convenient form as shown in Figure A-2. 
Step 2 
A computer program (Figure A-3), requiring hourly 
volumes for each site as input, was written. Output from 
this program was a weekly tabulation printout and card 
deck which included site location number, year, month, 
day, day of week, and hourly volumes for each day. 
Missing data in this output could be detected by blank 
spaces (representing missing hours of a day) or by weeks 
having less than seven days (representing a full day of 
missing data). 
Step 3 
Data were rearranged so that the first card 
contained data for the first day of the fall period, 
September 20. Output from the program prepared to 
do this ordering included a printout and new card deck 
of location number, week of year (numbered with 
September 20 as the first day of week No. I), day of 
week, card number (necessary because two cards were 
required for each 24 hours of data), and hourly volumes 
for each day. For entire days of missing data, two cards 
were inserted with location number, week of year, day 
of week, and card number. Partial days of missing data 
were represented by blank spaces. A listing of this 
computer program is presented in Figure A-4. 
Step 4 
Using card output from Step 3, computer 
programming was prepared to detect errors and adjust 
suspected erroneous data. The logic supporting this 
procedure was based on the premise I) that hourly 
volumes at a given location for a particular hour of the 
day and a particular day of the week should demonstrate 
much consistency throughout the year and 2) that such 
volumes should reach a minimum in the winter months 
and a maximum in the spring or summer months. All 
hourly volume data for a given site were therefore 
rearranged into 168 groups of 52 volumes each. Each 
group represented a particular hour of a particular day 
and was analyzed independently of other groups. Each 
of the 52 hourly volumes corresponded to a particular 
week of the year. Figure A-5 is a plot of one such group 
of data for Levi Jackson State Park 
Error detection proceeded as follows: Let Vi 
represent the hourly volume corresponding to the ith 
week and A V represent the average of the 52 hourly 
volumes. First, grossly inaccurate data were identified 
when either of the following two sets of inequalities 
was satisfied: 
Vi < 0.05 AV and /Vi - AV/ > 80 
or 
Vi > 6.0 AV and /Vi - AV/ > 80 
Erroneous data so identified were automatically 
removed from the data set and seven-item moving 
averages (MAVi) were calculated. The second 
comparison to detect erroneous data were based on the 
following two sets of inequalities which relate each 
hourly volume with the corresponding moving average: 
or 
Vi> 2.0 MAVi and /Vi- MAVJ > 20. 
Figure A-5 shows, for the group of data at Levi Jackson 
State Park, four erroneous volumes that were detected 
in this way. 
After identifying the set of "correct" data, it was 
necessary to provide more reasonable estimates of the 
"incorrect" data. This was accomplished by fitting a 
third-degree ploynomial to the correct data and 
obtaining the desired estimates by interpolation. Figure 
A·S also shows such a polynomial used to make the 
required four estimates for this group of data. 
The procedure for error detection and correction 
was found to be invaluable to this study even though 
there was some risk that all erroneous data were not 
detected and some lesser risk that some correct data 
were identified as being erroneous. Identical procedures 
may be used for other types of hourly volume data 
collected on an annual basis if suitable modifications 
are made to the limiting constants in the above 
inequalities. The text of the computer program used to 
identify erroneous data is presented in Figure A-6. The 
program used to fit a third-degree polynomial to the 
correct data so that erroneous data could be replaced 
is given in Figure A-7. 
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Figure A-3. Data Adjustment Program No. 1 
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20 CONTINUE 
10 CONTINUE 
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END 
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Figure A-4. Data Adjustment Program No. 2 
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Figure A-6. Data Adjustment Program No. 3 
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FOR fRAN f II G \!EVEL 20.1 MAIN DATE " 12018 j5102ll9 
0001 
ou .... , 
0003 
000'0 
000'5 
00.06, 
0007 
0008 
0009 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
Oll17 
0018 
0019 
0020 
0021 
0022 
00Z3 
OOZ4 
002.5 
0026 
002.7 
C028 
0029 
OQ30 
DOll 
0032 
0033 
Q034 
0035 
0016 
0037 
0038 
003<> 
004U 
0041 
0042 
00.4~ 
0044 
0045 
0041> 
0047 
0046 
0049 
0050 
OQ51 
0052 
0053 
0054 
0055 
0056 
0057 
OCSB 
oo~q 
0060 
0061 
0062 
0063 
00~4 
0065 
0066 
0067 
0066 
001>9 
007C 
007L 
0072 
001J 
0074 
0075 
0076 
0C77 
0076 
007~ 
0080 
OOAI 
0082 
00M3 
0084 
0085 
00116 
OCB7 
0088 
OCB\1 
0090 
0091 
00'17 
0093 
009~ 
0095 
00\16 
00\17 
OO'IA 
00\19 
010~ 
0101 
0102 
0103 
0104 
!HCS 
010& 
0107 
0108 
0109 
OliO 
0111 
Oll2 
Oll3 
Oil~ 
Olt5 
0116 
0117 
Oll6 
Qll~ 
0\20 
REAl V\521.WI521 
REcAl Yl 521 1l[l52o41 ,z I 4o521 1 Al-.141 o814o•U oCl'to521 o0141 
RF~l 1'\41 
REAl VOLt 52 r7 1 24 I 0PREOI52 I 0VN 11041.WIH 1041 
INTEGER BAOWKI5:!_1 
INTEGER NVOLI52o7o241 
')Q 101 J .. l.7 
DO 101 l"'lo52 
1lll READ( 5.100 I LOC oiVOL II .J oKI oK=lo241 
100 FOR MAll 13, 1X ,11>~4. 0/IOl[.HfiO. OJ 
00 400 K=1 0 2"'i 
00 400 J"'l•f 
NG~O 
NB~U 
00 201 1~1,...;> 
IFIIIOUi 1 J 0 KI.G~.O.I GO TO 301 
NB~NBH 
8AOWK!NBI~l 
GO TO 201 
301 NG.,NG+l 
VING I~VOLII • J, K I 
WING I=! 
201 CONTINUE 
JFING.EQ,521 GO TO 43 
IFitNGI21*Z.Hl.NGI GOT') 40 
11=1152-NGI/21+1 
:;o m 41 
40 JT.,I52-NGI/2 
00 51"1t , .. t.JT 
VING+II=IIIII 
WING.OJ)m'ollll•52 
501 COI'ITINUE 
JA~53-I f 
00 6 l=JA 0 52 
VIII~VIj-fl*lf) I 
WI II=WII-IZ•IT I 1-52 
& CONTINUE 
GO TO 42 
41 JB=IT-1 
DO 51 l=l,JB 
VING+II~VIll 
WING+II=Will+52 
51 CONTINUE 
JC.,53-IT 
00 &I I-"JC,52 
VIII =VII-12*1TI+ll 
io(fli=WII-12*1 fl Hl-52. 
&1 CONTINUE 
42 CONTINUE 
IOIV=NB/2 
[}[} 2 1=1,52 
WNII+IOIVI=W\II 
2 VNII+IDIVI=VIJI 
00 3 !=1.JIJIV 
WNIII=WI53-ll 
3 ~NIII.=VI53-Il 
[}[) 4 l=lo52 
~I I I=WNIII 
4 Vlli=VNIII 
00 1 1=!,4 
ElI I = I. 
l CONTINUE 
J0=52 
!Jn \5 \=l,JD 
V 11.1 = VIII 
15 CONTINUE 
00 20 I"I,JO 
X !I d I 1. 
X(!,2) = W(l) 
X(f 031 ~ WOI•WIII 
X!1,41 = l[((,JI*Will 
20 CONTINUE 
00 25 1=1 0JO 
()[) 25 1=1 ,4 
lll,JI=HJ,ll 
25 CONTINUE 
" ' NJ = JD 
NK = 4 
NN = JO 
CAll MA~ULT\l,,X,A,Nl,NJ,NK,NNI 
' " ' 
' " 0 
~~~~~AT! NV (AoN,E,M,OET 0 NNI 
00 3() 1=1 14 
00 30 L=l,4 
Bl I, L I= All ,L I 
3() CONTINUE 
" ' NJ K 4 
NK ~ JD 
NN = J!l 
CALL MAI'IULTIII,loCoNI,NJ 0 Nit 1 NNI 
" ' NJ = JD 
NK = l 
NN = JO 
tAll MAI'!UlTICtYoO,NloNJ,NK, .. NI 
00 200 Jl.,I,NB 
no 200 1=1,52 • 
P Rf 0 I JIJ "'01 1) +0( 2l+~AOWKI JZJ +0(3 I *BADWKI Jll**l+D 141 •IIADWK IJZ)•U3 
IFIPREIJCJZI.LT•O•I PREOIJZI.,O. 
I Fl I .EQ .8AOWK I JZJI VOL! I 1 J ,K I~PREDIJ-ZI 
.200 CONTINUE 
43 CONTINUf 
400 CONTI NUl' 
00 307 J=l,7 
on 302 1=1.~2 
!10 302 K= l,24 
NVOLI IoJ oKI=VOLI 1 oJ tKI 
302 CONTINUE 
no 303 J,.l,7 
01) 301 1=1,52 
WRl TEC7, ~041 LOC,J,J, C NVOL\I,J oKI ,K=lo24 I 
304 HlR~J\T I~ I 3, I 2 ,2X 0 1614/lOX, B I41 
~03 >IR·JHCb 01001 lGC,I,J,CN~Ol(l 0 J,KJoK"'lt241 
HlO FllR.~ATI' •,2J3,J2,24I51 
CALl fXIT 
END 
Figure A·7. Data Adjustment Program Nl), 4 27 

